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Abstract 
In addition to flavonols and the high contents of betacyanins, O. macrorhiza fruit is rich in vitamin C. Different pre-
extraction techniques were used aiming at increasing bioactive compounds and yield of O. macrorhiza juice. In 
comparison to untreated fruit's mash, the mash was treated prior to pressing with four pre-extraction techniques, (1) 
pulsed electric field (PEF), (2) thermal treatment using microwaves, (3) enzymatic treatment with commercial 
pectolytic enzymes, and (4) a combination of thermal and enzymatic treatments. The mashes treated enzymatically or 
by combination of thermal and enzymatic treatments produced higher yields of the juice. Although all treatments led 
to no significant differences in total content of betacyanins, all treatments provided significantly higher contents of 
flavonol glycosides compared to the untreated mash. Subsequently, the juice was preserved by three preservation 
technologies: Pulsed Electric Field (PEF), High Hydrostatic Pressure (HHP), and Pasteurization. Antioxidant activity 
of pasteurized juice was slightly lower than juices preserved by PEF and HHP techniques.  
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1. Introduction 
Opuntia ssp., the largest genus of the Cactaceae family, includes manifold species and varieties, but to 
date the most known cactus fruits are from Opuntia ficus-indica. While O. ficus-indica fruits have high 
contents of bioactive compounds such as vitamin C, betalains and phenolic compounds (primarily 
isorhamnetin derivatives) [1, 2, 3], their pulps exhibit a comparatively high pH value (5.6 to 6.5) and total 
soluble solids content ranging from 11 to 17° Brix, making the pulp highly susceptible for microbial 
spoilage [4, 5, 6]. Further, the effect of acid/sugar ratio on organoleptic characteristics of resulting 
products is also challenging for food processing. As there are many other species of Opuntia spp. there 
might be some promising alternatives to O. ficus-indica. One of these species is Opuntia macrorhiza,
which provides edible small red-purple fruits. The fruit has very few small glochides and varies between 
20 to 50 and 15 to 30 mm in length and width, respectively. The fruit has a deep red-purple colored pulp 
and thick peel (Figure 1) [7]. 
Its content of the flavonol isorhamnetin 3-O-rutinoside is accompanied by high average contents of 
betacyanins [7]. While O. macrorhiza fruit's peel has approx. 65 μg/100mg (dry weight) of isorhamnetin 
3-O-rutinoside, Beta vulgaris,  as well as O. macrorhiza fruit's pulp and peel and O. ficus-indica fruit's 
pulp and peel had betacyanin contents of approx. 0.42, 0.42, 0.44, 0.05 and 0.07 mg/100mg (dry weight) 
in aqueous methanolic extracts respectively [7]. The O. macrorhiza fruit's juice had desirable 
technological characteristics such as low pH value (3.6-3.8) and total soluble solids (about 10.5 °Brix), 
but high viscosity (about 58 mPa.s at 20ºC, Sh. Rate 18.6 S-1). The comparatively lower pH value makes 
O. macrorhiza fruits an alternative to O. ficus-indica fruits with regard to organoleptic aspects and 
microbiological spoilage, but the yield of juice is low.  
The aim of the present study was to evaluate the effects of innovative non-thermal disintegration 
(Pulsed Electric Fields) and traditional (thermal and enzymatic) pre-extraction techniques on juice yields 
and contents of bioactive compounds such vitamin C, betalains and isorhamnetin 3-O-rutinoside and 
consequently the antioxidant activity of O. macrorhiza fruit juices. In addition a preliminary study was 
conducted in order to evaluate the effects of innovative preservation techniques (Pulsed Electric Fields
and High Hydrostatic Pressure) compared to traditional pasteurization on bioactive compounds and 
antioxidant activity of O. macrorhiza juice. 
Fig. 1. Longitudinal section of full colored cactus O. macrorhiza fruit 
2. Materials & Methods 
O. macrorhiza fruits were imported during the season (December) from Egypt. After washing, the 
whole fruits were mashed in a mixer by non-continuous mixing, and then divided to five batches. The 
first part was not treated, second part was treated by non-thermal disintegration pulsed electric fields (3 
kV/cm, 5 kJ/kg), the third part was treated thermally using microwave heating up to 90 ºC (324 kJ/kg), 
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the fourth part was treated enzymatically using a recommended preparation of pectolytic enzymes at 50 
ºC for 1 hour. The fifth part was treated by both thermal treatment (microwave heating up to 90 ºC, 324 
kJ/kg) followed by enzymatic treatment (pectolytic enzymes at 50 ºC for 1 hour). After that, all batches 
were pressed through double layers of textile clothes using manual presser up to 10 minutes as follow: at 
2.5 bars for 2 minutes, at 5 bars for 2 minutes and finally at 7.5 bars for 6 minutes.   
Preservation of juice, treated enzymatically by pectolytic enzymes for 90 minutes at 50 ºC, was 
carried out as follow: pasteurization (at 95º C for 3 minutes); PEF (35 kV/cm, 85 kJ/kg); HHP (600 MPa 
for 10 minutes). The collected juices were subjected to analysis. 
Determination of vitamin C was carried out from the freshly produced juices according to [8]. 
Preparation of samples and HPLC analysis for flavonols were done as described by [3].  
Preparation of samples and HPLC analysis for betalains and evaluation of antioxidant activity using 
electron paramagnetic resonance spectroscopy (EPR) was carried out according to [7]. Appropriate 
extract dilutions (1:15) were prepared and 100 μL aliquots were allowed to react for 16 min with an equal 
volume of a solution of the stable synthetic radical Fremy’s salt (1 mM in phosphate buffer, pH 7.4). EPR 
spectra of Fremy’s radical were obtained with a Miniscope MS100 spectrometer (Magnettech GmbH, 
Berlin, Germany). The antioxidant activity, expressed as mM Fremy’s salt reduced by diluted extracts, 
was calculated by comparison with a control.  
3. Results & Discussion 
3.1. Effect of pre-extraction treatments on juice yields and contents of vitamin C in the produced juices  
In comparison to untreated mash, the juice yield only slightly increased in mash treated with pulsed 
electric fields (PEF), while it significantly increased in case of mashes treated thermally, enzymatically or 
treated by combination of thermal and enzymatic treatments (Figure 2). The highest juice yield produced 
was from mash treated enzymatically (more than 60%) and by combination of thermal and enzymatic 
treatments (more than 75%). 
Fig. 2. Effect of pre-extraction treatment on the juice yields (%) after pressing for 2 and 10 min 
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Results in Figure 3 showed that O. macrorhiza juice is characterized by high content of vitamin C (55 
mg/100mL). Obtained results showed the destroying property of the thermal pre-treatments on the content 
of vitamin C compared to both PEF and enzymatic treatments. 
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Fig. 3. Effect of pre-extraction treatment on the content of vitamin C in the produced O. macrorhiza juices 
3.2. Effect of pre-extraction treatments on content of isorhamnetin-3-O-rutinoside in the produced juices 
O. macrorhiza fruit is characterized by isorhamnetin-3-O-rutinoside which is found only in the fruit's 
peel while pulp has no flavonol at all [7]. Therefore, aim of this study was also to evaluate the effect of 
investigated treatments on enrichment of those bioactive compounds in the produced juices.  
Fig. 4.  Effect of pre-extraction treatment on the isorhamnetin-3-O-rutinoside content (peak area measured at 365 nm) in the 
produced O. macrorhiza juices 
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HPLC results in Figure 4 show a significant release of flavonols into the juice in cases of PEF and 
thermal treatments. An opposite trend was observed in the rest of mash after pressing (data not shown), as 
the rest of the untreated mash was significantly higher in isorhamnetin-3-O-rutinoside content. 
Considering required processing time and consumed energy, PEF is faster and more economic for the 
enrichment of juice with the mentioned bioactive compounds.
3.3. Effect of pre-extraction treatments on the content of betacyanins in the produced juices 
Both, O. macrorhiza fruit's pulp and peel are high in betacyanins content (responsible for the deep 
purple-red color of the O. macrorhiza fruits) [7]. HPLC results in Figure 5 indicate that all technological 
treatments applied in this study produced almost the same quantity of betacyanins. But, while the PEF 
treatment kept the original HPLC profile of betacyanins, the thermal or combination of thermal and 
enzymatic treatments led to the degradation/modification of some betacyanin structures (data not shown).  
Fig. 5.  Effect of pre-extraction treatment on the betacyanins content (peak area measured at 535 nm) in the produced O. macrorhiza
juices
3.4. Antioxidant activity of the produced juices as affected by mash treatment or juice preservation method 
The evaluation of the antioxidant activity of all juices by electron paramagnetic resonance (EPR) 
spectroscopy showed that O. macrorhiza fruit's juice exhibits high antioxidant activity. Juice produced 
from mash treated thermally provided slightly low antioxidant activity (Figure 6). This may be due to the 
effects of thermal treatment on vitamin C and the betacyanin structures.
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Fig. 6. Effect of pre-extraction treatment on degradation of fremy's salt (100%) by the produced cactus O. macrorhiza juices (after 
reaction for 6 and 16 min) 
On the other hand, while both PEF and HHP preservation techniques did not affect the content of 
flavonols, betacyanins and vitamin C, pasteurization affected the structures of betacyanins and destroyed 
about 20 % of the content of vitamin C (data not shown). Results presented in Figure 7 show a slight 
decrease in antioxidant activity of pasteurized juice compared to control and other treatments. 
Fig. 7. Effect of preservation techniques on degradation of fremy's salt (100%) by the produced cactus O. macrorhiza juices (after 
reaction for 6 and 16 min) 
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4. Conclusion 
The O. macrorhiza fruit is a promising alternative to O. ficus-indica. O. macrorhiza fruits are rich in 
some bioactive compounds such as vitamin C, flavonols and betalains. With regard to juice processing 
technology, enzymatic and thermal treatments increase the juice yield, while non-thermal disintegration 
(PEF) provides savings of energy and processing time and releases more bioactive compounds from the 
fruit's peel into juice. Recommended non-thermal preservation techniques PEF and HHP kept the content 
and structures of sensitive bioactive compounds such as vitamin C and betacyanins and consequently the 
antioxidant activity of O. macrorhiza juice in comparison to traditional pasteurization.   
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